A best evidence topic was written according to a structured protocol. The clinical question investigated was: is low serum albumin associated with postoperative complications in patients undergoing cardiac surgery? There were 62 papers retrieved using the reported search strategy. Of these, 12 publications embodied the best evidence to answer this clinical question. The authors, journal, date and country of the publication, patient group investigated, study design, relevant outcomes and results of these papers were tabulated. This paper includes a total of 12 589 patients, and of the papers reviewed, 4 were level 3 and 8 level 4. Each of the publications reviewed and compared either all or some of the following postoperative complications: mortality, postoperative bleeding requiring reoperation, prolonged hospital stay and ventilatory support, infection, liver dysfunction, delirium and acute kidney injury (AKI). Of the studies that examined postoperative mortality, all except for three established a significant multivariate association with low preoperative albumin level. Some scepticism is required in accepting other results that were only present in univariate analysis. While three studies examined multiple levels of serum albumin, most dichotomized the serum albumin levels into normal and abnormal groups. This led to differing classifications of hypoalbuminaemia, ranging from less than 2.5 to 4.0 g/dl. The available evidence, however, suggests that low preoperative serum albumin level in patients undergoing cardiac surgery is associated with the following: (i) increased risk of mortality after surgery and (ii) greater incidence of postoperative morbidity. While the evidence supports the use of preoperative albumin in assessing post-cardiac surgery complications, a specific level of albumin considered to be abnormal cannot be concluded from this review.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This is comprehensively described in ICVTS [1] . 
THREE-PART QUESTION

CLINICAL SCENARIO
A 70-year old gentleman presented to the preoperative assessment clinic prior to his elective coronary artery bypass graft (CABG) and aortic valve replacement surgery. Routine investigations indicate a serum albumin level of 3.0 g/dl. Unsure about the significance of hypoalbuminaemia and outcomes of post-cardiac surgery, the best evidence is chosen to answer this clinical question. 
SEARCH STRATEGY
Medline
SEARCH OUTCOME
The search strategy described above retrieved 62 papers. Twelve of these were determined to have provided the best evidence to answer the clinical question, which are presented in Table 1 . Patients were stratified into two groups based on their preoperative albumin level: (i) Serum albumin < 3.5 g/ dl (n = 13) (ii) Serum albumin ≥3. Abnormal albumin was associated with increased incidence of delirium
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RESULTS
Patients undergoing CABG, valve and aortic operations, or combined surgery
Montazerghaem and Safaie Nezhad [2] analysed postoperative mortality in 345 patients, stratified into 3 groups with different serum albumin prior to CABG. Low serum albumin (2.5, 3.5 g/dl) was significantly associated with higher risk of mortality following surgery (P < 0.001), as well as reoperation due to bleeding (P < 0.001) and mechanical ventilation for more than 1 day (P = 0.019). Koertzen et al. [3] examined 400 patients undergoing various cardiac surgeries. The authors found that patients with preoperative hypoalbuminaemia (<3.0 g/dl) had higher mortality rates (P < 0.001) and prolonged hospital stay (P < 0.005) compared with patients with normal albumin. Engelman et al. [4] compared mortality and morbidity after cardiac operations in 5168 patients. Low albumin level (<2.5 g/dl) was associated with increased mortality after cardiopulmonary bypass (P ≤ 0.0005). Multivariate analysis showed that albumin levels <3.5 g/dl led to increased risk of postoperative morbidities.
Similar to Montazerghaem and Safaie Nezhad [2] and Koertzen et al. [3] , Engelman et al. [4] did not establish any correlation between low body mass index (BMI) (<20 kg/m 2 ) and low albumin level (<2.5 g/dl; correlation coefficient, R = 0.07). Thus, malnutrition was unlikely to be the predominant factor causing hypoalbuminaemia. Identifying the mechanism underlying this relationship is important for improving survival among patients with hypoalbuminaemia undergoing cardiac surgery.
Bhamidipati et al. [5] examined 2794 patients who underwent CABG to assess complications and mortality at different preoperative serum albumin levels. Albumin <2.0 g/dl increased the likelihood of major complications (P < 0.05) and higher albumin levels reduced the odds of death within 30 days after surgery (adjusted odds ratio (OR), 0.61; 95% confidence interval (CI), 0.42, 0.90).
De la Cruz et al. [6] investigated 588 patients to assess mortality after CABG surgery. The authors found that long-term survival was poorer for patients with a preoperative albumin level <3.5 g/dl (P < 0.05). These findings, however, were not demonstrated in multivariate analysis.
Rapp-Kesek et al. [7] analysed mortality and the frequency of infections in a study of 886 patients who underwent cardiac surgery. Multivariate analysis revealed that patients with low preoperative serum albumin were at increased risk of postoperative infection (OR per 1-unit increase, 0.04; 95% CI, 0.01, 0.20). Preoperative albumin was not significantly associated with an increased mortality rate.
Arif et al. [8] examined the 30-day mortality rate of 109 patients diagnosed with cirrhosis who underwent various cardiac surgeries. Univariate analysis established significantly lower levels of serum albumin in non-survivors compared with survivors (P < 0.05).
Nishi et al. [9] investigated the incidence of liver dysfunction in 63 patients with severe valvular disease following valve repair or replacement. Low preoperative albumin was significantly associated with postoperative liver dysfunction (P < 0.05) and, therefore, may be a measure of preoperative hepatic functional reserve.
Patients aged ≥60 years. Rady et al. [10] examined postoperative mortality and morbidity in 1157 patients aged 75 years or over admitted for cardiac surgery. Multivariate regression analysis revealed that preoperative serum albumin <4.0 g/dl predicted increased risk of mortality (P < 0.05) and morbidity (P < 0.05) in these patients.
Rich et al. [11] compared post-cardiac surgery complications in 92 patients aged 75 years or older. Preoperative serum albumin <3.5 g/dl predicted a greater risk of postoperative complications (P < 0.05) and mortality (P < 0.05), as well as prolonged length of hospital stay (P < 0.001).
Rudolph et al. [12] analysed postoperative delirium in cardiac surgery patients aged 60 years and older in a prospective study of 2 patient groups for the derivation (n = 122) and validation (n = 109) of a model of predictors. Rudolph et al. defined abnormal albumin level as <3.5 g/dl, which was a significant predictor of delirium (P = 0.06).
Heart transplant recipients
Boyle et al. [13] examined postoperative AKI requiring dialysis in 756 orthotopic heart transplant recipients. Multivariate analysis showed an inverse relationship between preoperative serum albumin level and postoperative AKI (OR per 1-unit increase, 0.34; 95% CI, 0.21, 0.54).
CLINICAL BOTTOM LINE
Several cohort studies provide evidence that low preoperative serum albumin is significantly correlated with poorer outcomes after cardiac surgery. The level of hypoalbuminaemia required to cause such deleterious effects, however, is not defined, but may be less than 2.5, 3.7 g/dl and at a higher level (<4 g/dl) for older patients. Low BMI does not correlate with albumin level, and so the role of malnutrition (and nutritional supplementation) remains unclear.
